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SPACE EFFICIENT HYBRID COLLECTOR 

BACKGROUND 

1. Field of the Invention 

The present invention relates generally to the ?eld of par 
ticulate and gas collectors and more particularly to a space 
e?icient, hybrid collector incorporating electrostatic collec 
tors and precipitators as Well as particulate ?lters. The present 
invention is particularly attractive for exhaust after-treatment 
for vehicles, gas turbines and also applications such as high 
tech, surgical and others that require the capture of sub 
micron particles in both intake and exhaust air. Worldwide 
interest in gas turbine emissions and the enactment of Federal 
and State regulations in the United States have resulted in a 
need for an e?icient means to control gas turbine exhaust 
emissions. The pollutants most generally of concern are CO, 
NOx, SOx, unburned hydrocarbons, soot. The present inven 
tion deals With such pollutants as unburned carbon, soot and 
other particulate emissions as Well as pollutant gases. 

2. Description of the Prior Art 
Exhaust gas after-treatment in vehicles is Well knoWn in the 

art and is commonly used to meet emission requirements. 
Current after-treatment is used to remove unWanted nitrogen 
and sulfur compounds as Well as particulate matter. In diesel 
systems electrostatic collectors have been used to remove 
suspended particulate matter including oil droplets from the 
bloW-by gas, for example, so that bloW-by gas can be returned 
to the atmosphere or to the fresh air intake side of the diesel 
engine for further combustion. Also, there are numerous 
applications that require ultra-?ltering including the removal 
of sub-micron and nano-particles. 

For example, the use of fossil fuel in gas turbine engines 
results in the combustion products consisting of carbon diox 
ide, Water vapor, oxides of nitrogen, carbon monoxide, 
unburned hydrocarbons, oxides of sulfur and particulates. Of 
these products, carbon dioxide and Water vapor are generally 
not considered objectionable at least as pollutants. In most 
applications, governmental imposed regulations are further 
restricting the remainder of the constituents emitted in the 
exhaust gases. The majority of the products of combustion 
emitted in the exhaust can be controlled by design modi?ca 
tions, cleanup of exhaust gases and/or regulating the quality 
of fuel used. For example, sulfur oxides are normally con 
trolled by the selection of fuels that are loW in total sulfur. This 
leaves nitrogen oxides, carbon monoxide and unburned 
hydrocarbons as the emissions of primary concern in the 
exhaust gases emitted from the gas turbine or an automotive 
engine. Particulates in the engine exhaust have been con 
trolled either by design modi?cations to the combustors and 
fuel injectors or by removing them by traps and ?lters. 

In general, combined cycle gas turbines are better candi 
dates for emissions control than simple cycle units. The main 
challenge in a combined cycle system is to ?nd enough space 
to house the emissions control unit Within the Heat Recovery 
Steam Generator (HRSG) in the proper temperature regime. 
Depending on the exhaust temperatures, simple cycle gas 
turbines present someWhat more complicated challenge The 
loWer exhaust temperature of some mature frame gas tur 
bines, Which is usually Well below 4500 C. (8420 F.) is Within 
the operating capability of conventional technologies and 
materials. In a simple cycle gas turbine con?guration, the 
emissions control system is normally located immediately 
doWnstream of the gas turbine and requires an expansion 
from the gas turbine outlet exhaust duct to the emissions 
control system. 
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2 
Electrostatic collectors and particulate ?lters are also 

knoWn in the art. In some of my previous patents, I teach 
systems containing these components. (KrigmontiUS. Pat. 
Nos. 6,932,857; 6,524,369; 5,547,493) used to clean ?ue gas 
in poWer plants. US. Pat. Nos. 6,932,857, 6,524,369 and 
5,547,493 are hereby incorporated by reference. In addition, 
Chang in US. Pat. No. 7,267,712 teaches picking up charged 
particles in an electric ?eld, While others (US. 2005/925170, 
US2006/524369, U.S. 2005/322550 and US. 2005/492557) 
teach various electrostatic air cleaners. 

Prior art systems are many times large and expensive and 
do not necessarily provide the type of ?ltering needed for 
vehicle or portable applications. It Would be advantageous to 
have a compact, space-ef?cient hybrid collector that uses 
corona discharge to charge particles and partially collect them 
and the combination of porous surfaces and uniform electric 
?elds to collect the remaining particles for use in an automo 
tive or other vehicle exhaust emissions control system, com 
bustion turbines or for any other space-restricted or portable 
use including high technology uses such as surgery and semi 
conductor manufacture Where it is important to trap sub 
micron particles. It Would also be advantageous to optionally 
use barrier ?lters knoWn in the art to convert haZardous com 
pounds into more benign substances. 

SUMMARY OF THE INVENTION 

The present invention relates to a compact, hybrid collector 
that overcomes the de?ciencies of the prior art that can be 
used in a vehicle emissions control system or in any other 
application Where space and loWer cost is important. Accord 
ing to the principles of the present invention, exhaust gas 
enters the device and is immediately exposed in a ?rst Zone to 
a high-tension corona discharge electric ?eld Which results in 
a strong ionic ?oW by charging the incoming ef?uent (oil 
mist, soot particles, etc.). Charged particulate begins to 
migrate (folloW the high-tension electric ?eld) toWards the 
collecting electrode Where it settles and retained until it is 
removed by any conventional means. Subsequently, the 
charged ?oW enters a second Zone of high-tension uniform 
electric ?eld that causes the charged particles to migrate to 
one of the charged electrodes. One of the electrodes can be 
made of porous ?lter material that alloWs the cleaned gas to 
How into an exit Zone also containing a high-tension uniform 
electric ?eld Where the remaining ef?uent is collected prior to 
the clean gas exiting either to ambient air, or being re-circu 
lated to be used again by an engine. In some embodiments a 
dielectric barrier discharge surface can be provided to convert 
harmful compounds to more desirable substances. Sepa 
rately, the porous dielectric surface can be also made catalyti 
cally active to convert harmful constituents into less toxic 
substances. 

DESCRIPTION OF THE FIGURES 

Attention is directed to ?gures that can aid in understand 
ing the present invention: 

FIG. 1 shoWs a ?rst embodiment of a hybrid collector 
Where the barrier ?lter is used as an electrode for both the 
corona discharge and the uniform electric ?eld. 

FIG. 2 shoWs a second embodiment of a hybrid collector 
Where the barrier ?lter is used as an electrode for tWo separate 
regions of uniform electric ?elds. 

FIG. 3 shoWs a third embodiment that uses a dielectric 
layer in the regions of uniform electric ?elds. 

FIG. 4a shoWs a narroWer embodiment that uses a possibly 
coated porous electrode. 
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FIG. 4b shows an isolated view of a coated porous elec 
trode. 

FIG. 5 shows a variation on the embodiment of FIG. 4. 
FIG. 6 shows a repeating multi-Zone embodiment. 
FIG. 7 is a perspective view of the embodiment of FIGS. 4a 

and 4b. 
FIG. 8 is a perspective view of the embodiment of FIG. 5. 
Several drawings and illustrations have been presented to 

aid in understanding the present invention. The scope of the 
present invention is not limited to what is shown in the ?gures. 

DESCRIPTION OF THE INVENTION 

The present invention relates to a compact, space-e?icient 
hybrid collector for use in a vehicle exhaust system or in any 
other application where price and compactness are important. 
The invention is hybrid in the sense that it combines electro 
static collection with particulate ?lters made of porous mate 
rials. The requirements for a space-e?icient ?lter that could 
be used in a vehicle exhaust system are high ?ltration e?i 
ciency, no secondary emissions, high durability, low mainte 
nance costs at intervals within steps of vehicle inspection as 
well as limited increase in weight and low back-pressure. 
Similar requirements are also could can also be applied to 
combustion turbines and clean air applications. 

The present invention can provide a compact, space-e?i 
cient hybrid collector that improves utiliZation of space 
within a unique assembly allowing for a reduction in assem 
bly siZe or an increase in ?ow rating for the same package 
siZe. 

Turning to FIG. 1 a ?rst embodiment of the present inven 
tion is shown. An inner container with a bottom 7 and a porous 
surface 4, preferably circular or oval in cross-section can be 
contained in an outer, possibly metal or other material con 
tainer 6. A porous cylindrical surface 4 is connected to insu 
lators 9. Gas ?ows into the device through a gas inlet (top) into 
a ?rst region 1 where it immediately encounters a high-ten 
sion corona discharge 5 emitted from a series of discharge 
points 3 located on an insulated axially centered electrode. 
The corona discharge 5 is between the discharge points 3 and 
the porous surface 4. The discharge points 3 can be grounded 
or maintained at any convenient potential with respect to the 
porous surface 4. A high-tension potential is placed on the 
porous surface 4 with respect to the outer container 6 so that 
a region of uniform high intensity electric ?eld is formed 
between the concentric cylindrical porous ?lter 4 and the 
outer container 6 (which is grounded to the vehicle frame in 
the case of a vehicle system). 
As previously explained, particles and droplets in the 

incoming ?ow stream immediately encounter the corona dis 
charge 5 and become charged. As the charged particles con 
tinue in the high-tension corona discharge 5, they begin to 
follow the electrical ?eld towards the porous collecting elec 
trode 4, which being charged opposite to the particulate, 
attracts and collects many of them. As the ?ow passes through 
the porous medium, some remaining particles are collected 
by the porous ?lter 4. On the other side of the porous surface 
4, the ?ow emerges into an outer chamber 2 and region of 
uniform electric ?eld 8. The previously charged remaining 
particles are typically accelerated along ?eld lines until they 
reach one of the surfaces where they remain. It can be seen in 
this embodiment that the ?ow direction is reversed 180 
degrees in the uniform ?eld region. This allows the gas move 
back the entire length of the device in the uniform ?eld region 
allowing maximum exposure time for particulate capture. 

FIG. 2 shows a second or alternate embodiment of the 
present invention that uses a grounded metal section 1 0 and an 
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4 
ungrounded (high-tension) axial center section with dis 
charge points 3. Gas ?ow typically enters the ?rst stage 1 and 
immediately encounters the corona discharge 5. Gases can 
then pass out of the bottom of this ?rst region 10 and into a 
second region 2 that is divided by a cylindrical porous surface 
4. In this embodiment, the gas ?ow normally enters into the 
inner compartment 1 where it passes through regions 5 of 
corona discharge. It then is typically routed by the structure 
into a region 2 of uniform electric ?eld 13. From here, it can 
pass through a porous surface 4 and enter a second region 14 
of uniform electric ?eld 8. While the uniform electric ?elds 8, 
13 in the two regions 2, 14 are normally the same or similar, 
they can also be different. It is within the scope of the present 
invention to use uniform ?elds of any ?eld strength or con 
?guration. The porous surface 4 is normally insulated with 
insulators 9 and raised to a high potential with respect to the 
rest of the device. 
The ?ow on both sides of the porous surface 4 is typically 

subjected to two high-tension uniform electric ?elds. This 
normally causes charged particles on both side of the porous 
?lter 4 to be captured. The gas with particulate matter enters 
the ?rst Zone 1, where the particulate immediately charges, 
and some of it becomes trapped by the grounded collecting 
surface 10; the remaining uncollected particles still in the gas 
enter the ?rst Zone with the high-tension uniform discharge 
13 where a portion of the charge particulate also gets col 
lected on either porous collecting surface 4 or the outer sur 
face of the cylindrical grounded electrode 10. Following this, 
the gas can pass through the porous wall 4 (barrier ?ltration) 
to the next Zone which also contains a uniform ?eld 8. It is in 
this ?eld that the ?nal cleanup typically takes place. In the 
case of the embodiment shown in FIG. 2, the exit is on the 
same end of the device as the inlet. 

FIG. 3 shows a variation of the embodiment of FIG. 2 
where the inner surfaces of regions 2 and 14 are covered with 
a dielectric layer 11 or plates/covers. This dielectric layer can 
create a barrier discharge region known in the art to be able to 
chemically convert haZardous gases to less harmful mol 
ecules. It should be noted that this type of a barrier discharge 
surface can be used with any of the embodiments of the 
present invention. The barrier discharge is just an example of 
a possible process on this surface. 

FIGS. 4a and 5 show other versions of the present invention 
that operate very similarly to the embodiment of FIG. 1 
except that they are ?ow-through in that the ?ow does not 
reverse direction after passing through the porous surface 4. 
Both of these embodiments use two regions 1, 2 separated by 
the porous surface 4. The inner region 1 subjects the ?ow to a 
corona discharge 5, and the outer region 2 subjects the ?ow to 
a uniform electric ?eld 8. The porous surface 4 can be coated 
to promote chemical activity. FIG. 4b shows a view of a 
coated porous surface 4. The chemical coating 12 can be a 
catalyst applied as a wash coat by submerging the porous 
surface in it, or it can be applied by any other method. In 
particular, this catalytic surface can convert harmful gases 
such as nitrogen or sulfur compounds in the presence, for 
example ammonia, into less harmful substances or into sub 
stances that are easily collected. The catalytic material can be 
based on vanadium pentoxide or other catalytically active 
material with respect to NOx, CO or other gaseous pollutants. 
This technique is especially attractive for combustion gas and 
gas turbines where the gas ?ow is hot enough to activate the 
catalyst. In some instances, addition of ammonia known in 
the art to promote catalytic reaction may be optionally used. 

It should be noted in the various embodiments, that while a 
cylindrical embodiment is preferred, especially for vehicle 
applications, any of the embodiments could be used with an 
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oval, rectangular, hexagonal or octagonal cross-section or any 
other cross-section. The devices can also be packaged conve 
niently using outer protective layers if necessary to prevent 
corrosion and With ?ttings to provide for easy mounting. The 
devices can be metal, plastic, ceramic or any other suitable 
material. Any cross-section or packaging is Within the scope 
of the present invention as Well as any material that is strong 
and can Withstand high temperatures. Combinations of vari 
ous materials such as ceramic and plastic may also be used. 
Any of the embodiments of the present invention can be 
operated using either AC or DC voltages and at various dif 
ferent potentials knoWn in the art. In the case of a vehicle, the 
potential can be supplied by a high voltage generator that is 
poWered from the vehicle’s battery. 

FIG. 6 shoWs an embodiment of the invention that uses a 
multi-unit parallel approach to alloW for the treatment of 
larger gas volumes. This embodiment is particularly useful in 
applications involving combustion or gas turbines. Gas enters 
through an entrance into region 1 and can pass through one of 
several different corona discharge areas Where corona is ini 
tiated from corona electrodes 3. In each parallel section, gas 
can pass through a porous surface 4 and into a region of 
constant electric ?eld 2 before exiting the device. All of the 
modi?cations discussed in previous embodiments such as 
coated surfaces, barrier discharge regions and multiple 
regions of uniform ?eld can be used the a parallel arrange 
ment similar to the embodiment shoWn in FIG. 6. 

FIG. 7 shoWs a perspective vieW of the embodiment of 
FIGS. 411-419, and FIG. 8 shoWs a perspective vieW of the 
embodiment of FIG. 5. 

Several descriptions and illustrations have been provided 
to aid in the understanding of the present invention. One With 
skill in the art Will realiZe that numerous changes and varia 
tions are possible Without departing from the spirit of the 
invention. Each of these changes and variations is Within the 
scope of the present invention. 

I claim: 
1. A compact hybrid collector system comprising: 
a ?rst region containing a high-tension corona discharge; 
a second region separated from said ?rst region containing 

a ?rst high-tension substantially constant electric ?eld; 
a third region separated from said second region by a 

porous surface, said third region containing a second 
high-tension substantially uniform electric ?eld; 
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Wherein gas ?oW enters said ?rst region Where particles in 

said gas ?oW become charged by said corona discharge; 
and Wherein said gas ?oW enters said second region 
Where particles in said gas are removed by said ?rst 
high-tension electric ?eld, and Wherein said gas ?oW 
passes through said porous surface into said third region 
Where particles are removed by said second high-tension 
electric ?eld. 

2. The compact hybrid collector system of claim 1 Wherein 
said porous surface is coated With a catalyst. 

3. The compact hybrid collector system of claim 1 Wherein 
said ?rst, second and third regions are cylindrically shaped. 

4. The compact hybrid collector system of claim 1 further 
comprising a central electrode With discharge points for 
forming said corona discharge. 

5. The compact hybrid collector system of claim 1 Wherein 
said central electrode is grounded. 

6. The compact hybrid collector system of claim 5 Wherein 
said porous surface is raised to a high electric potential With 
respect to said central electrode. 

7. The compact hybrid collector system of claim 1 further 
comprising an enclosure containing said system made of a 
material selected from the group consisting of metal, plastic 
and ceramic. 

8. The compact hybrid collector system of claim 1 further 
comprising a dielectric barrier discharge in said second 
region. 

9. The compact hybrid collector system of claim 1 further 
comprising a plurality of ?rst and second regions operated in 
parallel. 

10. A hybrid collector system comprising a ?rst region 
Where a gas flow passes through a plurality of corona dis 
charges, a second region Where said gas ?oW passes through 
a ?rst substantially uniform electric ?eld and a third region 
Where said gas ?oW passes through a second substantially 
uniform electric ?eld, and Wherein said second and third 
regions are separated by a porous surface. 

11. The hybrid collector system of claim 10 Wherein said 
porous surface is coated With a catalyst. 

12. The hybrid collector system of claim 10 further com 
prising a dielectric barrier discharge region in said second or 
third regions. 


